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0 Fixture and method for bonding friction material. 



@ A fixture is described for bonding a plurality of 
porous friction material segments (76) to the frusto- 
conical surface (62) of a support member (40). The 
fixture includes a base member (94), ring members 
(86) which have frusto-conical surfaces complemen- 
tary to the surfaces on the support members (40), 
between which segments of friction material (76) are 
glued and means (96,98) for clamping the assem- 
blies to the base with a predetermined force while 
the whole assembly is heated and the adhesive is 
cured. 

Methods of bonding openly porous pyrolitic car- 
bon composite friction material to blocker rings (40) 
of blocker clutches are described as well as gear- 
boxes including such rings. 
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FIXTURE AND METHOD FOR BONDING FRICTION MATERIAL 



Field of the Invention 

This invention relates to liquid cooled, trie- 
tionally engaged, energy absorbing devices such 
as clutches and brakes. More specifically, the in- 
vention relates to bonding friction material to coni- 
cal surfaces used in such devices. 



Background of The Invention 

Openly porous carbon/carbon composite fric- 
tion material formed of carbon fibrous substrate 
coated with pyroiytic carbon by chemical vapor 
deposition (CVD) is known in the prior art as may 
be seen by reference to U.S. Patents 4,291,794 
and 4,700,823. The disclosures of these documents 
are incorporated herein by reference. 

Blocked, change gear transmissions of the sin- 
gle and compound type are also known in the prior 
art as may be seen in U.S. Patents 3,983,979; 
4,141,440; 4,176,736; and 4,703,667. The disclo- 
sures of these documents are also incorporated 
herein by reference. 

Blocker-clutch assemblies used in these 
change gear transmissions include first and second 
positive or jaw clutches which are axialiy moved 
between engaged and disengaged positions to ef- 
fect gear changes. Each assembly includes a fic- 
tionally engagable blocker ring which prevents 
asynchronous engagement of the jaw clutches in 
response to initial engaging movement thereof. The 
blocker ring is supported by the first jaw clutch for 
limited rotation relative thereto and includes a fric- 
tion surface which engages a second friction sur- 
face, secured for rotation with the second jaw 
clutch, in response to the initial engaging move- 
ment of the jaw clutches. If the jaw clutches are 
rotating at different speeds during the initial engag- 
ing movement thereof, the frictional engagement 
effects limited rotation of the blocker ring to a 
position blocking engagement of the jaw clutches 
until substantia! synchronization of the jaw clutches 
is achieved. 

The above described blocker-clutch assem- 
blies have greatly reduced the complexity and ef- 
fort required to effect gear changes. However, for 
various surmised reasons the blocker rings have 
been known to prematurely move to the unblocking 
position before the jaw clutches reach synchronism 
or substantially synchronous speeds, thereby al- 
lowing asynchronous engagement of the jaw clutch 
teeth with resultant excessive wear thereto and in 
some cases failure of the jaw clutches. Providing at 



least on the friction surfaces with the above com- 
posite friction material has effectively solved pre- 
mature unblocking, provided the material is prop- 
erly bonded to the surface. 

5 

Summary of the Invention 

An object of the invention is to provide fixture 

70 and method for bonding a friction material to op- 
timize performance thereof. 

Another object of the invention is to eliminate 
or substantially eliminate asynchronous engage- 
ment of jaw clutches in synchronizer or blocker 

75 assemblies by proper bonding of a friction material 
to optimize performance thereof. 

According to a feature of the invention, a fixture 
is provided for bonding a plurality of porous friction 
material segments in circumferentially spaced apart 

20 positions to a frustoconical surface defined by a 
support member. The segments are formed of a 
carbon fibrous material woven into a single layer of 
fabric substrate coated with carbon deposited 
thereon by chemical vapor deposition to a density 

25 of 0.3 to 1 .3 gm/cc. One side of the segments have 
a bonding material affixed thereto. The fixture is 
characterized by a base member having a horizon- 
tal surface; at least one ring member supported on 
the horizontal surface with the axis of the ring 

30 member vertically oriented and normal to the hori- 
zontal surface, the support member including a 
frustoconical surface complimentary to the support 
member frustoconical surface and ledge means 
extending radially from the support member sur- 

35 face a distance less than the thickness of the 
segments, the support member frustoconical sur- 
face positioned concentric and adjacent the ring 
member frustoconical surface with the friction ma- 
terial segments sandwiched therebetween, with the 

40 adhesive against the support member surface, and 
with an edge of each segment positioned against 
the ledge means, thereby forming an annular as- 
sembly; and means for clamping the assembly to 
base with a predetermined resilient force acting on 

45 the segments, whereby the fixture may be posi- 
tioned in a source of heat for curing the adhesive 
under substantially constant clamping force. 

According to a method of the invention, the 
frustoconical surfaces of the members are posi- 

50 tioned in spaced relation a distance greater than 
the thickness of the segments- and with distance 
between the ledge means and the support member 
surface less than the thickness of the segments; 
the segments are inserted in circumferentially 
spaced relation between the surfaces with the ad- 
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hesive facing the support member surface and with 
an edge of each segment against the ledge means; 
moving the members axially relative to each other 
in a direction decreasing the spaced distance be- 
tween the surfaces for sandwiching the segments 
between the surfaces; applying a resilient clamping 
force to the members in a direction tending to 
further decrease the spaced distance; and heating 
the members to cure the adhesive while maintain- 
ing the clamping force. 



Brief Description of the Drawings 

A preferred embodiment of the invention is 
shown in the accompanying drawings in which: 

Figure 1 is a sectional view of a blocker- 
ciutch assembly comprising an environment for use 
of the invention; 

Figures 2-5 illustrate features of the assem- 
bly in Figure 1 ; 

Figures 6A-6C respectively illustrate the 
blocker-clutch assembly in a neutral or nonselected 
position, in a preselected position, and in an en- 
gaged position; 

Figures 7-8 illustrate the configuration and 
position a carbon/carbon composite friction material 
according to the invention; 

Figures 9-10 are enlarged photographic plan 
views of the friction surface of the material; 

Figure 11 is a staggered sectional view of a 
fixture for bonding the carbon/carbon friction ma- 
terial to a blocker ring of the blocker-clutch assem- 
bly of Figure 1 ; 

Figure 12 is a perspective view of the fixture 
in Figure 11; and 

Figure 13 is a perspective view of an addi- 
tional fixture device. 



Detailed Description of the Drawings 

Prior to proceeding with the detailed descrip- 
tion, definitions of a few technical terms are pro- 
vided to facilitate a clearer understanding of the 
invention. 

1. Pyrolytic carbon composite material - a 
carbon fibrous substrate coated or densified with 
pyrolytic carbon by a chemical vapor deposition 
(CVD) process. 

2. Substrate - an assemblage of carbon fi- 
bers or filaments. 

3. Filament - a fiber whose aspect ratio 
(length to effective diameter) is for all practical 
purposes infinity, i.e., a continuous fiber. 

4. Fiber - relatively short lengths of very 
small cross-sections which may be chopped fila- 
ments. 



5. Strand - a bundle of continuous filaments 
combined in a single compact unit without twist 

6. Yarn - an assemblage of twisted fibers or 
strands to form a continuous yarn or spun yarn 

5 suitable for use in weaving. 

7. Bonding material - elements or sub- 
stances capable of holding two materials together 
primarily by surface attachment, e.g., adhesives or 
brazings. 

10 8. Adhesion - the state in which two surfaces 

are held together at an interface by forces or 
interlocking action or both. 

9. Mechanical Adhesion - adhesion between 
surfaces in which the adhesive holds the parts 

rs together by interlocking action. 

10. Carbon - herein the term carbon includes 
graphite unless the term graphite is explicitly used. 

11. Total Porosity - includes open and 
closed pores or voids in the composite material. 

20 Open pores are open to the surface of the compos- 
ite and may extend completely through the com- 
posite. 

12. Synchronizer - a device having blocker 
means for preventing asynchronous engagement of 

25 jaw or spline teeth of positive clutch members, and 
friction means operative to effect engagement of 
the blocker means and to generate sufficient torque 
during most operating conditions to drive the posi- 
tive clutch members toward synchronism. 

30 13. Blocker - a device similar to a synchro- 

nizer but not operative during most operating dur- 
ing conditions to generate sufficient torque to effec- 
tively drive the positive clutch members toward 
synchronism. Blockers of the general type dis- 

35 closed herein are known in the art as may be seen 
by reference to previously mentioned U.S. Patents 
3,983,979; 4,141,440; 4,176,736; and 4,703,667. 

Referring now to Figures 1 , 2, therein is illus- 
trated a blocker-clutch assembly 10 having first 

40 and second positive clutch members 12,14 and a 
blocker mechanism 16 for preventing asynchro- 
nous engagement of the clutch members which are 
respectively connected to a shaft 20 and a gear 18. 
Gear 18 and shaft 20 may form part of a 4 X 3 

45 compound transmission such as the twelve forward 
speed, semi-blocked splitter type compound trans- 
mission disclosed in U.S. Patent 4,703,667. Therein 
shaft 20 would be a transmission main shaft dis- 
posed at an extension of its left end into a main 

so transmission section having four change speed ra- 
tios. Gear 18 would a constant mesh splitter gear 
disposed in an auxiliary transmission section. 

Clutch member 12 is provided with interna! 
splines 22 which are disposed with corresponding 

55 external splines 24 provided on shaft 20 for inter- 
connecting clutch member 12 to the shaft for rota- 
tion therewith. The cooperating splines permit 
clutch member to freely slide axially relative to 
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shaft 20. A stop ring 26 is seated within a suitable 
groove formed in the external periphery of the shaft 
and disposed for contacting clutch member 12 and 
limiting rightward axial movement thereof. Clutch 
member 12 is resiliently urged rightward by a 
spring 28 which reacts at its left end against a 
spring seat 30 secured to shaft 20 in a manner 
similar to stop ring 26. 

Clutch member 12 is provided with external 
spline teeth 32 thereon which are adapted to 
meshingly engage internal spline teeth 34 of clutch 
member 14 and provide on gear 18. Teeth 32 of 
clutch member 12 are tapered, as at 36, in a 
manner similar to the leading edge 38 of teeth 34 
on gear 18. The tapered conical surface defined by 
the tapered leading edges extends at an angle of 
between 30* and 40° relative to the longitudinal 
axis of the shaft. The exact degree of taper and the 
advantages thereof are explained in detail in U.S. 
Patent 3,265,173. 

A selected number, herein three, of external 
spline teeth 32 are partially removed for permitting 
the presence of a blocker ring 40 of the blocker 
mechanism which is further described hereinafter. 
Such partial removal leaves three axially shortened 
blocker tooth portions 42 for cooperating with bloc- 
ker ring 40. Preferably, the tooth portions are dis- 
posed in a common plane and circumferentially 
spaced equal distances apart; however, asymmet- 
rical arrangements such as disclosed in U.S. Patent 
4,703,667 may be used in some applications. The 
blocker ring comprises a nondeformable ring encir- 
cling clutch member 12. The ring, as may be seen 
by also referring to Rgures 3-5, includes an appro- 
priate member, herein three pairs, of radially in- 
wardly extending projections 44,46 which, when 
properly positioned, mate with external spline teeth 
32. Each pair of projections 44,46 have a total 
circumferential dimension less than the corre- 
sponding circumferential spaces defined by par- 
tially removing the tooth portions, thereby allowing 
limited clockwise and counterclockwise rotation of 
the blocker ring relative to clutch member 12 from 
a position seen in Figure 3 wherein the spaces 
between tooth projections 44.46 align with tooth 
portions 42. Contact of the sides or flanks of either 
tooth projection 44,46 with the sides or flanks of 
spline teeth 32 on either side of the space provided 
by the partial tooth removal will limit such relative 
rotation and cause blocker ring 40 to rotate with 
clutch member 12. The space between each in- 
wardly projecting tooth pair 44,46 has a clearance 
distance wider than the corresponding circumferen- 
tial dimension of tooth portions 42 so that when 
properly aligned at synchronism (or more accu- 
rately when the relative speeds of blocker ring 40 
and clutch member 12 cross synchronism) the 
tooth projections 44,46 will straddle tooth portions 



42 and clutch member 12 can move axially through 
but not past blocker ring to effect engagement with 
spiine teeth 34 of gear 18. 

As may be seen in Figures 3-5, the end faces 

5 of tooth projections 44,46, which function as bloc- 
ker teeth, are tapered or ramped as at 48,50. The 
end face of each tooth portion 42 is also preferably 
provided with tapers or ramps 52,54 corresponding 
with tapers or ramps 48,50. The angles 56 of the 

70 ramps 48-54 are selected such that blocking teeth 
44,46 and tooth portions 42 remain in proper bloc- 
ked position when unshown but previously moun- 
ted main transmission section at the left end of 
shaft 20 is not in neutral, but will tend under a 

75 contacting force, such as the force provided by 
spring 28, to cause the blocker and clutch member 
to assume a nonblocking position when the main 
transmission is in neutral and the gear 18 has been 
selected for engagement. Such ramps are known in 

20 the art as sensor unblocking ramps. Ramp angles 
56 of about 15° -25° , preferably 20° , relative to a 
plane P normal to the axis of rotation of shaft 20 
have proven highly satisfactory for most known 
semi-blocked transmissions. 

25 As described in greater detail by reference to 

U.S. Patents 3,921,469 and 3,924,484, the radially 
inner side of blocker ring 40 may be provided with 
a groove 58 which receives a split, annular, resil- 
ient ring 60. Ring 60 is normally of slightly less 

30 internal diameter than the external diameter of 
clutch member teeth 34 so that when the parts are 
in the assembled condition, ring 60 is distorted 
slightly outwardly to thereby exert a light but defi- 
nite resilient clamping pressure against the external 

35 surfaces of teeth 34. inasmuch as ring 60 fits 
loosely within the walls of groove 58, the resilient 
clamping pressure effects a significant resistance 
to axial movement between the blocker ring and 
clutch member but only an insignificant resistance 

40 to relative rotational movement therebetween. 

Blocker ring 40 includes a generally outward 
facing frustum of a cone shape or frustoconical 
surface 62 positioned to frictionally engage a gen- 
erally inwardly facing frustum of a cone or 

45 frustoconical surface 64 on a radially inner wall of 
gear 18 in response to initial axial engaging move- 
ment of gear 18 leftward by a shift fork 66 sche- 
matically illustrated in Figures 6. The axial drag 
provided by resilient ring 60 resists axial movement 

so of blocker ring 40 relative to clutch member 12 
which is biased rightward by spring 28. Accord- 
ingly, ring 60 functions as a pre-energizer ring 
whose axial drag effects initial engagement of the 
surfaces 62,64 prior to axial movement of the bloc- 

55 ker ring 40. A stop ring 68 limits movement of 
blocker ring 40 away from frustoconical surface 64 
when gear 18 is moved rightward to effect dis- 
engagement of positive clutch members 12,14. 
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With respect to Figures 2-5 and assuming shaft 
20, clutch member 12, and gear 18 are normally 
driven in a clockwise direction (arrow A in Figure 
2), it is apparent that a nonsynchronous condition 
comprising gear 18 rotating faster than shaft 20. 
and clutch member 12 will cause blocking ring 40 
to tend to rotate clockwise a limited amount relative 
to clutch member 12 as soon as frustoconica! sur- 
faces 62,64 engage. Initial engagement of surfaces 
62,64 is, of course, in response to initial engaging 
movement of gear 18 by shift fork 66 and the axial 
drag provided by per-energizer ring 60. Shift fork 
66 is connected to a piston 70 in an actuator 72 
which receives pressurized air for moving the pis- 
ton to and fro in known manner. The torque applied 
to blocker ring 40 by the initial frictiona! engage- 
ment due to the drag of pre-energized ring, through 
relatively, small is sufficient to axially align ramps 
48 of the blocker tooth projections 44 with ramps 
52 of tooth portions 42 prior to axial engagement of 
the ramps. Once the ramps engage, the force of 
spring 28 is transmitted through the interface of the 
ramps to increase the engaging force of the friction 
surfaces and thereby proportionally increase the 
blocking torque which is counter to the unblocking 
torque provided by ramps 48,52. In theory, this 
increased blocking torque is sufficient to maintain 
blocking engagement of the ramps until clutch 
members 12,14 cross synchronism, 

Blocker-clutch assembly 10, as thus far de- 
scribed, is generally known in the prior as may be 
seen by reference to previously mentioned U.S. 
Patent 4,703,667. Such assemblies provide for 
preselection of the ratio gears they are associated 
with, e.g., the actuating means (shift fork 66 and 
piston 72) for engaging the positive clutch mem- 
bers 12,14 may be fully displaced prior to synchro- 
nism therebetween. Actual engagement of the posi- 
tive clutch members occurs at a later time, as may 
be seen by reference to Figures 6A-6C. Briefly, 
Figure 6A Illustrates a neutral or nonselected posi- 
tion of blocker-clutch assembly 10. Figure 6B illus- 
trates a preselected position wherein gear 18, 
clutch member 14, shift fork 60, and piston 72 are 
fully displaced with clutch member 12 moved left- 
ward against the bias force of spring 28 and with 
frustoconical surfaces 62,64 fictionally engaged to 
maintain a blocking position until synchronism is 
crossed due manual or automatic means charging 
the speed of shaft 20 and/or gear 1 8. Such means 
are known and are typically provided by changes 
in the speed of a prime mover connected to shaft 
20 and/or by use of a brake connected to the shaft 
or gear. When an unblocking condition occurs, as 
the clutch members cross synchronism, the biasing 
force of spring 28 moves or fires clutch member 12 
into engagement with clutch member 14. Since 
relatively high synchronism crossing rates often 



occur, spring 28 must provide sufficient force to 
quickly move clutch member 12 into engagement. 
Figure 6C illustrates the engaged position of the 
positive clutch members. 

5 Now with respect to the present invention in 

general, it is known, as disclosed in U.S. Patent 
4,703,667, that blocker-clutch assemblies having 
unblocking ramps, such as ramps 48-54, have a 
tendency under certain dynamic operating con- 

70 ditions to prematurely unblock or crash and allow 
nonsynchronous engagement of clutch members 
12,14. Hereinafter is disclosed an improved friction 
material configuration at the interface of the 
frustoconical surfaces which has, to date, com- 

75 pletely solved the premature unblocking or crash 
problem while at the same time substantially re- 
ducing manufacturing cost of the blocker-clutch 
assemblies. 

By reference now to Figures 7-10, therein is 

20 disclosed a carbon/carbon composite friction ma- 
terial 74. Figures 9, 10 are enlarged photographic 
plan views of material 74. Figure 9 shows the 
texture and porosity of the friction surface of the 
material prior to testing and Figure 10 shows the 

25 friction surface after crash free testing equal to 
over three life cycles of blocker-clutch assembly 
10. Figures 7, 8 illustrate the configuration and 
position of the material on blocker ring surface 62. 
The material 74 is preferably formed of a sin- 

30 gle woven layer substrate of carbon fibers coated 
or infiltrated by chemical vapor deposition (CVD) 
process with pyrolytic carbon. The fibers may be 
formed of many known materials, but are prefer- 
ably formed of carbonized rayon or polyacrylinitrite 

35 (PAN). Carbon filaments may be used in lieu of 
fibers provided the weave of the fabric is suffi- 
ciently resilient in directions normal to the plane of 
the fabric, i.e., direction normal to the friction plane 
of the material when it is in use. Acceptable CVD 

40 processes are taught in U.S. Patents 4,291,794 and 
3,944,686; the first patent teaches a batch process 
and the second a continuous process. The com- 
posite may have a density range of 0.3 to 1.3 
gm/cc after the CVD process and prior to bonding 

45 to surface 62. However, material on the low end of 
this range may have a higher wear rate. Material on 
the high end of the range is currently more expen- 
sive and may tend to be too rigid for optimism 
performance. Accordingly, a range of 0.7 to 1.1 

so gm/cc is considered to be some what more opti- 
mum.. 

Excellent performance has been obtained with 
materials spec'd to have a density of 0.8 to 1.0 
gm/cc and, as tested, measured to have a density 
55 of about 0.84 gm/cc. 

Manufacturing specifications for this material 
require the fibers to be based on PAN filaments 
chopped and spun into yarn; the yarn weight to be 



c 



9 



EP 0 393 845 A1 



10 



2/10 worsted count; the fabric weave to be 2 X 2 
equally t nsioned basket square w ave at 18 to 22 
pairs per inch (2.54 cm); the density to be 0.8 to 
1.1 gm/cc by CVD densification at temperatures 
not to exceed 1,200° C; and the thickness to be 
0.045 inches (0.11 cm). The texture of the den- 
sified or finished material is substantially the same 
to the naked eye as the woven fabric substrate. 
The finished material is relatively flexible; is rela- 
tively resilient in the previously mentioned direction 
normal to the plane of the fabric with such resil- 
iency be attributed to the use of spun yarns, 
weave, and density; and is openly porous with 
many to the pores being through pores. 

Minimum waste of material 74 is achieved by 
cutting the material into polygonal segments 76 
which may be circumferentially spaced apart when 
affixed or bonded to a support member such as 
surface 62 of blocker ring 40. Alternatively, the 
segments may abut each other to define a continu- 
ous friction ring surface. When the segments are 
circumferentially spaced apart, as illustrated in Fig- 
ure 7, the leading edges 76a of the segments may 
be disposed oblique to the direction of rotation of 
friction surface 76b defined by segments 76 to 
facilitate rapid wiping of excess oil (cooling fluid) 
off mating surfaces 64, thereby quickly achieving 
maximum or design coefficient of friction at the 
interface of friction material surface 76b and sur- 
face 64 in response to initial engagement due to 
the force transmitted by pre-energizer ring 60. The 
segments are preferably cut into parallelograms 
and bonded to blocker ring surface 62 with sides 
76c of the material generally oriented parallel to 
planes extending normal to the axis of rotation; 
however, such orientation is not believed to be 
critical. Further, three substantially equally spaced 
segments are preferred. 

Excellent bonds of the material to surface 62 
have been achieved using nitrile-phenolic adhe- 
sives which are weii known in the art. Such adhe- 
sives readily withstand operating temperature 
peaks in the range of 400* F (200 °C) for short 
periods of time. For applications producing higher 
temperatures, other bonding materials are suggest- 
ed, such as disclosed in U.S. Patent Application 
Serial Number 150,355, filed January 29, 1988. 

Resiliency preserving bonding of the compos- 
ite material to blocker ring 40 with nitrile phenolic 
has been obtained with locator fixture 80 in Figure 
13, with bonding fixture 82 in Figures 11,12 and by 
the following method: 

1 . cutting the material into conveniently han- 
dled sizes, 

2. heating the material to about 150-180° F 
(65 to 85 °C), 

3. rolling the adhesive in sheet form on the 
material, 



4. shearing or cutting the material with adhe- 
sive into s gments of desired shape and size, 

5. placing blocker ring 40 in locator fixture, 
described further hereinafter, to form an annular 

5 bonding assembly 84 including the blocker ring, a 
ring member or bonding cone 86 and plurality of 
friction material segments 76, 

6. placing one or more of assemblies 84 in 
bonding fixture 82 to apply a relatively evenly 

10 distributed pressure of about 200 pounds per 
square inch (138 N/cm 2 ), 

7. heating the fixture and material therein in 
a convection oven for about 40 minutes while main- 
taining the force substantially unchanged. 

75 The adhesive used in the above example was 
B. F, Goodrich Plastilock 601 (nitride phenolic) 
having an 8 mil. (0.2 mm) thickness. The convec- 
tion oven is preferably at an initial temperature of 
500° F and should be sized to bring the bond line 

20 to 450° F in 40 minutes at a controlled rate. Further 
details of the controlled bonding temperature may 
be obtained from The B. F. Goodrich Company, 
New York, New York. 

To prevent loss of the material's resiliency it is 

25 important during the bonding process to limit pene- 
tration of the adhesive into the open porosity of the 
material and to limit the pressure applied to the 
material while heat curing the adhesive. As may be 
deduced, adhesive penetration is readily controlled 

30 by stringent control of the amount of adhesive 
and/or stringent control of the pressure applied to 
the material. Excessive bonding pressure tends to 
extrude even correctly applied amounts of the ad- 
hesive deeply into the pores of the material. Fur- 

35 ther, excessive bonding pressures tend to crush or 
compact the material with resultant loss of resil- 
iency and porosity. Accordingly, proper bonding 
pressures are readily determined by bearing in 
mind that the pressure should be sufficient to firmly 

40 hold the material during the bonding process with- 
out overly compacting or crushing the material. 

Further with respect to porosity and resiliency, 
the spun yarns and weave of the yarns provide an 
openly porous substrate or fabric which is relatively 

45 resilient in the direction normal to the weave of the 
fabric. A substantial portion of the substrate open 
porosity and resiliency is retained by the compos- 
ite material by limiting CVD coating or densification 
of the substrate to the range of 0.3 to 1.3 

50 (preferably 0.8 to 1.1). Further, the open porosity 
and resiliency of the composite material in the area 
of its friction surface is maintained during the bond- 
ing process by using volumes of adhesive that are 
less than the open porosity volume of the compos- 

55 ite, and by limiting the magnitude of the bonding 
process pressure for minimizing crushing the com- 
posite material and for maintaining the open poros- 
ity volume of the composite material greater than 
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the volume of the adhesive, whereby the volume of 
the open pores adjacent to the bond side of the 
composite material consumes the adhesive while 
the pores adjacent to the friction side remains free 
of the adhesive. Bonding pressures less than 250 
pounds per square inch (170 N/cm 2 ) are consid- 
ered adequate for most carbon/carbon composite 
materials acceptable for use with blocker-clutch 
assembly 10. 

It has been discovered that premature unblock- 
ing can be effectively eliminated by controlling unit 
loading on the friction surface 76c of material 74 
within a 150-300 pounds per square inch (100-200 
N/cm 2 ). Since such unit loading in an assembly 
such as blocker-clutch assembly 10 is primarily a 
function of the biasing force of spring 28 and since 
the force of spring 28 must be within a rather 
narrow range, unit loading has been controlled by 
tailoring or configuring the surface area 76c of 
material 74. By way of example, crash free opera- 
tion has been obtained in tests of blocker-clutch 
assembly 10 using three parallelogram shaped 
segments 76 having a combined friction surface 
area of 1.17 square inches (7.55 cm 2 ). In this 
example, cone surfaces 62,64 have an angle of 
about 10° and a mean diameter of about 4.35 
inches (11 cm), ramps 48-54 have an angle of 
about 20*, and spring 28 provides a biasing force 
of about 50 pounds (35 N) when compressed in 
Figure 62. 

In the blocker-clutch assembly of this example, 
the combined friction surface areas 76c constitute 
a 83% reduction in total friction material surface 
area relative to the blocker-clutch assembly dis- 
closed in U.S. Patent 4,703,667 and the pressure at 
the interface of the combined surface areas 76c is 
210 pounds per square inch (145 N/cm2). 

Locator fixture 80, as seen in Figure 13. in- 
cludes a triangular base and three circumferentiaily 
spaced locator blocks 90 fixed to a horizontal sur- 
face 88a of the base. Only one of the locator 
blocks is visible in the perspective view of Rgure 
13. A vertically adjustable stop 92 is threadably 
received by each locator block. Fixture 80 facili- 
tates the forming of annular bonding assemblies 
84. Three of the annular bonding assemblies are 
shown in cross-section in Figure 11 and, as pre- 
viously mentioned, each includes one ring member 
or bonding cone 86, one blocker or support ring 
40, and a plurality of the friction material segments 
76. Ring member 86 includes an inwardly facing 
frustoconical surface 86a complementary to the 
outwardly facing frustoconical surface 62 of the 
support ring, a friction material segment locator 
ledge 86b extending radially inward from surface 
86a a distance less than the minimum thickness of 
the segments, and an annular bottom surface 86c 
having an annular locator recess 86d. Each assem- 



bly 84 is formed by telescoping a ring member 86 
over locator blocks 90 with annular surface 86c 
resting on horizontal surface 88a, and by position- 
ing support ring 40 partially within ring member 86 

5 with the support member bottom surface 40a rest- 
ing on stops 92 so as to position the frustoconical 
surfaces of the members in confronting relation 
with the radially inner extent of the locator ledge 
86b spaced from support member surface 62 a 

w distance less than the thickness of the friction 
material segments so as to facilitate insertion of 
three circumferentiaily spaced segments between 
the confronting surfaces with the adhesive side 
against surface 62 and with an edge 76b of each 

75 segment against ledge 86b to determine the verti- 
cal position of the segments on surface 62 between 
the bottom and top surfaces 40a,40b of the support 
member when the assembly is lifted off the loca- 
tion fixture by grasping ring member 86. 

20 Bonding fixture 82 includes a base member 94 
having a horizontal surface 94a with annular shoul- 
der 94b, a tubular post 96 fixed to and having an 
axis extending vertically upward from the base, a 
spring mechanism 98, and a U-shaped locking pin 

25 100 having an end 100a received by either horizon- 
tal bore 96a or 96b through the post. Two or three 
of assemblies 84 may be stacked on base 94 with 
the axis of each assembly disposed along the axis 
of the post by locator recesses 86d. Spring mecha- 

30 nism 98 including a first member or means 102 
having a downwardly facing annular horizontally 
extending surface 102a for engaging the upwardly 
facing top surface 40b the ring member at the top 
of the stack, a second member or tubular means 

35 104 having an inner surface 104a telescopically 
receiving post 96 and an axially facing shoulder 
104b, and three circumferentiaily spaced spring 
sets 105 interconnecting members 102,104 for ap- 
plying a clamping force to assemblies 84 in re- 

40 sponse to downward positioning of member 104. 
Each spring set 105 includes a bolt 108 extending 
through an opening 102b in member 102 and 
through an opening 106a in an annular member 
106 having a shoulder 106b engaged by shoulder 

45 104b, a helical compression spring 110 contained 
between member 106 and nuts 112 threadably 
movable on the bolt to vary the preload of the 
spring. The spring preload is set to apply a force of 
about 200 psi to the surfaces of the friction material 

so segments when locking pin 100 is in place. The 
tripod arrangement of spring sets 98 and particu- 
larly the tripod arrangement of the friction material 
segments ensures a relatively even distribution of 
pressure to the surfaces of the friction material 

55 segments and the springs ensure a relatively con- 
stant pressure as the adhesive penetrates the open 
pores of the friction material during the curing 
processing in the unshown oven. 
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A preferred embodiment of the invention has 
been disclosed for illustrative purposes. Many vari- 
ations and modifications of the preferred embodi- 
ment is believed to be within the spirit of the 
invention. The following claims are intended to cov- 5 
er the inventive portions of the preferred embodi- 
ment and modifications believed to be within the 
spirit of the invention. 



Claims 

1. A fixture (82) for bonding a plurality of po- 
rous friction material segments (76) in circumferen- 
tially spaced apart positions to a frustoconical sur- 75 
face (62) defined by a support member (40). the 
segments (76) formed of a carbon fibrous material 
woven into a single layer of fabric substrate coated 

with carbon deposited thereon by chemical vapor 

deposition to a density of 0.3 to 1.3 gm/cc r one 20 

side of the segments having an adhesive affixed 

thereto; the fixture (82) characterized by: 

a base member (94) having a horizontal surface 

(94a); 

at least one ring member (86) supported on the 25 
horizontal surface (94a) with the axis of the ring 
member (86) vertically oriented and normal to the 
horizontal support, the ring member (86) including 
a frustoconical surface (86a) complementary to the m 
support member frustoconical surface and ledge * 30 
means (86b) extending radially from the ring mem- 
ber surface (86a) a distance less than the thickness 
of the segments (76), the support member 
frustoconical surface (62) positioned concentric to 
the ring member frustoconical surface (86a) with 35 
the friction material segments (76) sandwiched 
therebetween, with the adhesive against the sup- 
port member surface, and with an edge (76b) of 
each segment positioned against the ledge means 
(86b), thereby forming an annular assembly; and 40 
means (96,98) for clamping the assembly to the 
base (94) with a predetermined resilient force act- 
ing on the segments (76), whereby the fixture may 
be positioned in a source of heat for curing the 
adhesive under substantially constant force. 45 

2. The fixture of claim 1 , wherein the plurality 
of segments (76) consists of three substantially 
equally spaced apart segments of substantially 
equal surface area for effecting an even distribution 

of the clamping force on each segment. 50 

3. The fixture of claim 1 , wherein the clamping 
means comprises: 

a post (96) extending vertically upward from the 
base (94) and concentric to the axis of the assem- 
bly: 55 
a spring mechanism (98) including a first element 
(102) having a downwardly facing horizontal sur- 
face (102a) for engaging an upwardly facing sur- 



face (40b) of one of the members (40), a second 
element (104) telescopically receiving the post 
(96), spring means (105) interconnecting the ele- 
ments (102,104) for applying the clamping force to 
the one member (40) in response to downward 
positioning of second element (104), and lock 
means (100) for holding the second member (104) 
in the downward position. 

4. The fixture of claim 3, wherein the base (94) 
includes an annular circumferential shoulder (94b) 
concentric to the axis, the ring member (86) having 
an annular recess (86d) receiving the shoulder 
(94b) for concentrically aligning the assembly with 
the axis. 

5. The fixture of claim 4, including a plurality of 
the assemblies (84) stacked vertically on each oth- 
er with the annular recess (86d) formed in each 
ring member (86) receiving a mating shoulder (40b) 
of the adjacently below supported member (40) for 
concentrically aligning each of the assemblies (84) 
with the axis. 

6. The fixture of claim 3, wherein the spring 
means (1 05) includes a plurality of preloaded com- 
pression springs (110) and means for varying the 
preload (108.112). 

7. The fixture of claim 1. wherein the support 
member (40) is a blocker ring for a blocker clutch 
(10). 

8. The fixture of claim 1, wherein the amount of 
the adhesive is determined by the amount of open 
porosity and thickness of the friction material. 

9. A fixture for bonding a plurality of openly 
porous friction material segments (76) in circum- 
ferentially spaced apart positions to a frustoconical 
surface (62) defined by a blocker ring (40) of a 
blocker clutch (10) the segments (76) formed of a 
carbon fibrous material woven into a single layer of 
fabric substrate coated with carbon deposited 
thereon by chemical vapor deposition to a density 
of 0.3 to 1 .3 gm/cc, one side of the segments (76) 
having a adhesive affixed thereto; the fixture char- 
acterized by: 

at least one annular assembly (84) with a vertically 
oriented axis, the assembly including a ring mem- 
ber (86), the blocker ring (40) and three of the 
circumferentially spaced apart segments (76) sand- 
wiched between the support member frustoconical 
surface (62) and a complementary frustoconical 
surface (86a) of the ring member (86), the com- 
plementary surface (86a) having ledge means (86b) 
extending radially from the ring member surface 
(86a) a distance jess than the thickness of the 
segments (76) for vertically positioning the seg- 
ments on the blocker ring surface (62), and the 
adhesive sides of the segments (76) positioned 
against the support member surface (62); and 
means (96,98) for clamping the rings (40,86) in 
vertically opposing directions with a predetermined 
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resilient force, whereby the fixture may be posi- 
tioned in a source of heat for curing of the adhe- 
sive under substantially constant force. 

10. A method of positioning and bonding a 
plurality of openly porous friction material seg- 5 
ments (76) in circumferentially spaced apart posi- 
tions to a support member (40) frustoconical sur- 
face (62) and embraced by a ring member (86) 
complementary frustoconical surface (86a) having 
circumferentially extending ledge means (86b) ex- io 
tending radially therefrom a distance less than the 
thickness of the segments (76), the segments 
formed of a carbon fibrous material woven into a 
single layer of fabric substrate coated with carbon 
deposited thereon by chemical vapor deposition to 75 
a density of 0.3 to 1.3 gm/cc, one side of the 
segments having an adhesive affixed thereto; the 
method characterized by the steps of: 

positioning the frustoconical surfaces (62,86a) in 
spaced relation a distance greater than the thick- 20 
ness of the segments (76) and with the distance 
between the ledge (86a) and the support member 
surface (62) less than the thickness of the seg- 
ments (76); 

inserting the segments (76) in circumferentially 25 
spaced relation between the surfaces (62,86a) with 
the adhesive facing the support member surface 
(62) and with an edge (76b) of the segments (76) 
against the ledge means (86b); 

moving the members (40,86) axially relative to 30 
each other in a direction decreasing the spaced 
distance between the surfaces (62,86a) for sand- 
wiching the segments (76) between the surfaces; 
applying a resilient clamping force to the members 
(40,86) in a direction tending to further decrease 35 
the spaced distance; and 

heating the members to cure the adhesive while 
maintaining the clamping force. 

11. The method of claim 10, including the step 
stacking a plurality of the members (40,86) having 40 
the segments sandwiched therein and then apply- 
ing the clamping force and heating step. 

12. The method of claim 10, including the step 
of affixing amounts of the adhesive in proportion to 

the amount of open porosity and thickness of the 45 
adhesive. 
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